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ABST RACT OP TJ) U 1)1 S CLOSURE 
Ati olectxode device Tor electrically licit Ling underground 
deposits of hydrocarbons such as oil .sand or oil shulo, P Jural 
well pipe sections are joined through insulated pipe joints with 
an electrode connected through one uf thii insulated pipe joints 
to fi lower one of the pipe sections. Each of the insulated pipy 
joints includes a first tubular member having a flange portion 
at dug and thfcTKof, 3 r-econd tubular member having a cap parti on. 
at one end which is received in the fJango portion of the first 
tubular menibor with a jap therebetween, and an insulating member 
disposed in the g?y for hermetically coupling the first and 
second tubular members 2nd for clot trie Ally insulating first 
and second tubular mamb<3*s from one another. 



BLUCrTRODE DEVICE FOR KkSCTRlCALLY HEATING 
IWmiKUHOlWD DEPOSITS OF HYDROCAUROKS 

BACKGROUND OF TOE INVENTION 
The present lrivontion relates to an electric device 
used to electrically heat undorground deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 device which is used to supply eloctrlcal power to u-n uudergr ound 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a Houer viscosity and hitter fluidity in order 
to more- easily remove' thera from the veil . 

Tho term 11 hydro carbons" jis used herein&f ter means 
10 ■ petroleum or oil, bitumen contained in oil sand [also called 

"tar iJ^md 11 ) and kerogen contained in oil shale, These will all 
be referred to as 1t oil M for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 
15 either by gas pressure coexisting in the oil layer or by forcing 
a liquid such &s brine into one well to force the oil to flow 
out of another well. Hoover, should the underground oil hava 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method q-£ making the oil fluid is to heat tho 
ZD oil thereby to lower the viscosity o£ the oil. The temperature 
suitable for this is different for different type* of oil. 

There have been proposed as oil layer heating methods 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
5 be burned, and the jise of explosives. The last two methods are 
difficult ta control so that they are not in gono-ral usb. 

According to the method of injecting the hot water or 
water vapor it a high t&mperaturo and under a high pressure, 
the oil layer 13 heated to enhance the fluidity of tho oil to 

10 ' cause the fluid oil to flow out to the ground surface. lf. t how- 
ever, some regions of the oil deposit have a low resistance to - 
the floK of hot water or water vapors or there are voids in the 
oil layer, the water or vapors may collect in these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense T the hot xater or it* vapors will 
again not diffuse &o that the oil layer cannot he heated. 

Heating by the supply of electrical powor is performed 
by drilling a plurality of walls in tho oil layer and "by establish 
iiig potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to tho 
electrical current which flows therethrough* This technique Is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil. 

2S For improving the oil producing efficiency* there has 
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further been proposed a mot hod which includes a first step of 
beating the oil lay or by electrical resistance heating and a step 
of injecting hot water or water vapors at a high tempera Lure and 
undur a high pressure when the qi.l layer becomes soft while con- 

£ tinning the heatirfg so that the resultant fluid ail may he pumped 
out. In order to efficiently heat the oil layer j tho el.BctToOe 
device must be saf f initmtiy electrically Insulated that the leak- 
age of electrically current into under ground portions other than 
the oil la/«x is avoided as much as possible. 'J'ha siect-vcrte de- 

10 vino also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of the vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
water or hot high pressure- water vapors. The electrode doyic«- 
1$ further required to be free from leakage of hot water or hot 

J,5 bigh pressure water vapors. 

fit order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil sun<J will be described. 

Oil sand, also called "tar sand", is present in largo 

20 quantities in Canada, Vene2uela and the United States. 

The oil in the oil sand is typically mixed with brine between 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partiaLly exposed in a valley or at the banks of 
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1 a river bat J t< most often located onttrely und*ryrcnmcl at n 

depth- of 200 to S00 ra wWIb having a thickness of several tens 
of .meters. bus to consideration of economy and enviroi mental pro- 
tection, it is iiftCftBBary to separate oat the oil underground and 
to extract only the oil fro* the well. Moreover, sine* the 
extraction of oi). from u shallow underground layer is accompanied 
by a danger of subsidence, ir. is desirable to extract oil only 
£rom underground layers Jyrng deeper than 300 ju. 

Further aspects of the background d± the Invention and 

10 the Invention o.f the present application &re described with 
the assistance of the accompanying drawings in' which, t 

Vicj. 1 ia A schematic seotionaX view showing a 
conventional prior art installation of the several type with 
vhich the invention is utilised? 

irig. 2 is a cross-sectional, view of an in aula tad pipe 

}oint of the invention; 

Fig. 3 is a orofls-aectional View showing Beveral joined 
pipe sections, an electrode and insula ted pipe joints in accordance 
with the invention? and 
20 Piga. 4-7 are a* scries of cross -sectional vic^s 

illuBtratiner the use of. inBulating coating* in accordance with 

the invention- 

Pig. 1 illustrates the' heating of an oil fcand layer, 
by eloctxodea coupiud to a power supply, in Pig* l, reference 
numerals 1 and 11 indicate main guide piper> made of steely 2 
and- 12 indicate Insulators 3olncd to the main guide pipes 1 and 
U, 3 and 13 indicate electrode* joined to the insulators Z and 
12, perforation a axe formed in the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric current to the eXe- 
30 ctrodas 3 and* 13. This assembly is hereinafter called together the 
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11 elect vorte device u . Referent? numeral S indicator a power 
aOuroo, 6 indicates an oil 3cmd Isyer, 7 indicotca an ulectric 
current flovinq between the electrode* 3 and 13, B indicates the 
groimcS surface, 9 iridic a te& ail overburden layer,, and 10 in- 
dicates a .Layer below the nil sanci layer. 

When a voltage is applied to the electrodes 3 and 
13 which arc buried in the oil Rand layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric resistance of the oil sand layer 
& as a reBult 
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of which the oil sand layer 6 is heated by Joule, &r resistance 
heating. Although, the uuxrent 7 paztially flows into Cho over- 
hurdan layer & and the layer 10, the leakage is waintainsd at a 
low level because the insula tors 2 and 12 are lut exposed between 
S the main guido pipes 1 and 11 and tho electrodes $ and 13. Alter 
the oil sand layer G has been termed, the powor supply is inter- 
rupted. Hot water or water vapor? at & high temperature under 
^ a high pressure are then forced from the upper inlet" of one main 
guide pipe 1 of the electrode device and flow throu&h the oil 

10 sand layer 6 until they come out of the other main guide pipe - 
11 carrying the oil. Jn order to improvo the flow rates of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes 3 and 13. 

Since the upper portions of the insulators 2 and 12 

IS are connected to the main guide pipes 1 and 11 and the lower 
portions are connected with the electrodes 3 and 13, a down- 
ward t ensile stress is always applied to the insulators. More- 
over* since the assembly can be at a temperature as hi^h as 
2S0°c to SOO^C, the insulators should ba able to withstand such 

20 temperatures. Also, since the insirlators 2 and 12 are hurled 

underground as deep as several hundred maters with the electrodes 
1 and 13 suspended from rhciT Lower ends Kith the upper ends 
thureof connected to the main guide pipes 2 and 12, the insulators 
1 and 12 will almost certainly contact or collide with the well 

2$ walls whilu they arc lowered into the well. Because of the 
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groat total weight, any slight contact will impose a hi^h smscha- 
nical impact upon the insulators 2 and 12« Therefore, the 
insulators 2 and 12 a™ required to be able to withstand anticipated 
levels of mechanical impact. 

5 m an electrode device which heats an oil sand layer 

when it is supplied vith electric current, a major problem is 
that the olectric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot generally 

10 be precisely stated. Ho«ovor> avorage values are 3.0t>fi -m for 

the oil sand lay or and Iflfl-l&Qa-m Tor the overburden layer. As a 
result, if* an electric current is supplied to two electrode devices 
which Are constructed by connecting electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, laO-St of tho current will he consumed in the a vCTlmr den- 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 which satisfy the af orer&e tnioned requirements. In one such 
attempt, flanged tubular members made of metal are. coated with 
an organic resin which provides a high resistance to hea.t* An 
appropriate Material is polytetraf luoroethylens resin (foT example 
"Teflon™" -which is trade name of du ?Dnt) . With this 

25 construction, insulating members are provided which are 

satisfactory in their ability to withstand a suspending load 
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and mechanical impact forces. However, it tins proved quite diffi- 
cult to coat the flange, portions satisfactory with the insulat- 
ing material. Moreover, even if satisfactory insulatinjp; char- 
acteristics arc provided at ruujji temperature, the insulating 
5 costing has a tendency to separata, especially around tho flange 
portions t duo to repeated titers 1 expansion and cpn.tr act ion 
such as is typically enco\*ntered in normal operating conditions.. 
If the insulation coating is bro"kon or caused to flake off, the 
insulators thus produced become; useless, 

10 Tn c* second attempt, porcelain suatori&l has been used 

for forming the insulators , However, it is also necessary in 
Constructing the Insulators to take into account the requirement 
for providing water and oil tight characteristics with re-spect 
to the connection betweo-n the main £uide piucs 1 and J.l and the 

IS electrodes 3 and 13 as well as between the insulating member. 
Tho connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of thB porcelain pipe and 
then connected with other metal pipes ordinary technique^ sucb 
as welding or attachment with holts. With this construction, 

20 although tho wall or oil li^bt characteristics may bo acceptable 
at room temperature , the strength of the shrink- fitted joints 
tends to. drop as the tetnpor&ture is increased so that the abi- 
lity to support thy suspended load is correspondingly lowered, 
MorcorBT r breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of the shrink 
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fitted Areas, *n order to eliminate such drawbacks, there has 
be eft proposed the 1 use oi" a porcelain pijie having ends formed 
as fjHnge portions with the flanga portions fastened to metal 
pipes with packings interposed between the contact surfaces. 
5 With this construction > the above- stated requirements nre met 
at room temperature. However, the wateT and oil tight scaling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover, porcelain -intrinsically lacks strength 
against mechanical impact forces. Thus, it has a high tendoncy 

10 to be broken by a mechanical impact force such as is ordinarily 
encountered while tho assembly is lowered through the well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable do fact that there is a high tendency of breakage. 

Vet .curt her, insulators foimod of organic polymeric 

IS compounds have been proposed. Although sxich compounds may have 
a high strength at room tempei^aturfc and are quite good electrical 
instil ators, most oi* the compounds of this general class are not 
particularly heat resistant* Spaci f i call y f very few compounds 
of this. type arc known which are resistant to hot water or tfatcr 
vapor al high temper attire and under high pressure. 
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SUMMARY OF THfi JWTCNTIjON 
In accordance with the invention, there is provided 
an clattTDde device for electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying on electric current to The under- 
ground deposits, a plurality of insulating pipn ji>i»ts exch 
including a fir*t tubular member having a flange portion at one 
end thereof, a second tubulor member Jiaving a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular member with a gap therebetween and an in- 
sulating member disposed in the gap between the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while aloe trie ally insulating them from 

IS One another and with the insulating pipe- joints being us erf to 

couple at f.esist some of the pip* sections together and the elec 
trade to one of the pipe sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least some Of the insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first insulating portion disposed in the 
£ap bett/eou the flange portion in the tup portion and second 
insulating portions disposed adja-cent inner and outer surfaces 
of the tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other- Preferably, the 
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insula bing merabei; of each of the in&uLatfcid pipe . joititG in jisado 
of, a glass -.mica welding formed Hrom yiowders of gla.r-°, and mica. 
An insulating coating may be provided on ah least a porti.au of 
the outer ^arHacii of the insulated pipe- joints. This coating 
ict&y be a re^in' of polytfetraf luoroutli.ylc.ua , a resit) of dxphenyl 
oxldi*. Moreover, a protective layer of insulation can be 
provided aroyn<t at least a portion of the* insulating canting * 
l?he protective layer may be an inexpensive material, such 
polyethylene, polypropylene or polyvinyl chloride. 

Further objects and advantages of the indention vill 
appear from the. following description taken together with the 
accompanied drawings. 

in accord tines with the invention, there ic provided 
an electrical heating elsctrode device which is entirely free oL 
the: above-mentioned drawbacks* A preferred embodiment o£ 
the Gdectrodo device of- the invention will be described in detail , 
£ir6t with reference to Fig. 2 which shews & crocs-sectional 
view of an insulate pipe joint 21 vfhiuh is utilised with the 
electrode device Of the invention. 

The pipy -joint gon«rally designated 21 In Figure 2 
comprises four basic elements i 

a first tubular member 27 r a second tubular member 33, 
a cylindrical sltieV6-lik& eove-r member 2$, and an insulating 
member 35. 

»i l he first tubular jriojuber 22 comprises a cylindrical 
tubular portion 23 with a radially tMitvurdiy extending flange 
portion 24 at a lower 6nc3 ae shown. 

The oecono" tubular member 33 comprisey a cylindrical 
tubular portion 30 with a radially outwardly extending hub portion 
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I 25 at at) uppex end shown* The intoxiox diameter of tubular 
portion 30 of the second tufouiax ntembex 33 is ehovn identical 
to the interior diameter, of tubular portion 23 of the -first 
tubular member 22, 

Hub portion 2 5 of the. 2nd tubular member 33 is provided 
irith an internal annular recess 31 a& shown. Huh portion 2 5 
is also provided with external thread a 32 which mate with 
threads 29 .on cover membex 29 to be described, 

Sleeve -like cover, member 29 comprises a cylindrical, 

10 tubular, drum-like portion 26 with internal threads. 28 at one. 

lover end as shown in Figure 2 and a radial} y inwardly extending 
cap portion 27 at the other upper end. As shown, tubular portion 
26 has a larger izitornnl diameter that the extexnal diameter 
oC flange portion 24 of the first tubular member 22 bo as tD 
provide a gap therebetween to be occupied by insulating member 

Cap portion 27 of covar member 29 hae an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first tubular member 22 so as to form a gap thcrebctv&cm* The in- 
ternal dioiuotex" of cap portion 27 is smaller thun the external 

20 diameter of flange portion 24 of the first tubular member 22. 

Preferably tlie first tubular member 22, second t\tbular 
member 33 and cover member 2,9 are made from steel. 

Jnaulating member 3$ includes an. ou.tex -cirovmf erentially 
insulating portion 36 vihich surrounds external surface© of 
tubular portion 23 of first tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion IS o± the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of bubular portion 30 of the second tubular member 

3° 33, Ab inay be Bfcen, insulating member 35 comprises an integral 
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j member extending frora portion 36 thereof to portion 37 thereof . 
Integral insulating member 35 tfcus synces surfnccS Ol : . the Cirst 
tubuJ ar member 22 from surfaces of eecOnd tubular member 33 and 
cover member 29 by □ gap occupied as seen in figure 2 hy insula tiny 
member 35- Insulating member 35 insulates first tubal AX ivterober 
22 from contact with soooud tubular member 33 and cover member 

k'xth cover member 29 screwed down onto second tubular 
membtir 33 as shown in Figure 2, flange portion 24 ox first tubular 
10 member as encased by insulating member 35 ia sandwiched between 
cover mcjobcr 23 and the u^per end of hub part ion 25 of- the 
second tubular member 3 3, whereby insulating member 35 may form 
a hcsrinatie &eal between first tubular meenbex 22 and second tubular 
member 33, 

By screwing cover member 29 onto, second tubular 
member 33, fir at tubular, member 22 may be firmly, sealahly coupled 
to second tubular member 33 yet insulatively isolated. tVicr e from . 

In assembly, first tubular portion 22 may be inserted 
through cover member 29 following which cove?: member 2? may be 
20 &crcv/ed onto second tubular portion 33. The Insulating member 
35 may be. seen to occupy a gap between the first tubular raeiabor 
22 and the combination of the second tl>bttlar member 3 3 and cover 1 
member 29. 

Preferably/ the entire insulating member is made of 
a composition of glasfc and mica and is formed hy a molding pro- 
cess. The inflating member is formed by heating a mixture of 
powSers of glass and mica to a sufficiently high temperature 
that tho mixture become b fluid. Once the. mixture is fluid, it 
if* pressure molded using a mo.l-d of appropriate Shape. The for- 
3° nation of the insulating member 35 will bs deacirbod In more 
detail* 
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The f.irsi: tubular neuibo* 22 and the Becoud tubular 
member 33 are assembled to be positioned as shown iu Fig. 2 eind 
are then heated to a predetermined temper a ture. The two tubular 
memburs at the elevate tempexatur© nro f.ittcd into a T>old. 
Kt-Kt, a mixture of glass and mica povders is prei'tarcd by pre- 
siding the mixture- into the farm of a preliminary molded member 
of a cylindrical shape which will fit jn the gay butv/ccn the 
tubular portion 23 oi the first tubular member 2 2 and cover member 
2$. The preliminary molded .member is heated to a predetermined 
temperature it/id iittod in the ^ap in a heated condition. Next, 
a pre & pure is applied to the preliminary molded Member bafove 
it cools to force the* material of the number to i'lov/ into the 
gap betwBen the first and second tubular members and into the 
internal annular recess 31 in the second tubular member 33* 

iror the material of the preliminary molded mambcr r 
45 wtfc o£ glass pot«9er prepared by pulverising a glaze used for 
e-namel coating steel objects, cojoroarc tally available 1 as Product 
Ho, 2312 of Nippon Ferro, *,td., to a else of 2Q0 mesh Mixed with 
55 wt$ of mica powder of synthetic phlogopolte of a eisse of 
6[> to 200 roesb. 5 wts of water if? added to the resultant mixture* 
to.^et it so it can be molded. 1500 cun d±* the netted mixture 
is molded using a oo Id pressure molding process to form a cylin- 
dricnlly shaped body using a mold (CVOt shown). Tho preliminary 
molded tfumber was disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35* 

Ab described above/ the cover, member 29 and the hub 
portion 25 arc joined by screw threads. However, the invention 
is not limited thereto as the cover membex 29 and the hub por- 
tion 25 can be joined by vr&lding. 

tn an alternate cmbocl5.meut , the cap portion 27 of 
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to 



20 



30 



the cover raeroher 29 ifl divided into four quadrants two of whico 
axe removed, vh& flange-, portion 24 of the first tubular .member 
22 if; i:ben out *\Lch that the remaining £?art of; the flange portion 
2 A Cfin fit through the two removed quadrants o£ tho cap portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 uf the cover member 2D. 

With the insulated pSpe uoint described above, a ten- 
sile force imposed on the ends oJC the joint is converted into a 
compressive force which acta betveen the cap portion 27 and 
flange portion 24 T Since the compression pLxength of the -insulating 
mercbeir 35 of the typo described is much great or than its tensile 
strenyth and since the force par unit area can bo suitably set 
by adjusting 'the extend of the area on which the compressive 
forces arc applied, the resulting assembl3» in quite strong and 
able to \fithtrtancl hitfh tensile, forces imposed on the ends of the 

JVt high tarnperaturefi, for instance 300°C, the heat 
re S) ic+.ajYt charactorictics of the insulating member are primarily 
determined by the thermal characteristics of the glass material 
used ae the starting material . Particularly, the transition 
tempera tnre of this itiatorial $s important. If the- transition 
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temperature U, for instance, in a range of ^ ' 6 C to 600 C. 
a high mechanical strength for the overall assssnbiy will be 
preserved to a temperature Df at least 300*C. 

Xith lospect to the roilstance to mechanical impact 
S forces, the mica powder which is used to form the insulating 
member is composed of particles having a flat shape wherein 
the ratio of the diameter to the thickness of a single scale 
particle is generally in a .range of 30 to 50:1, Duo to the 
fresenec of the scale particles, the molded insulating member 
10 has a laminated form thereby providing it with a liifch elasticity. 
This high elasticity would not "be present if the insulating 
member were formed only of glass powders. Due to the laminated 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes ewid tUDchanical 
IS impact forcos then is n prior art type of insulating member made 
of an inorganic compound, Therefore-, the iiisulatio* member 
produce* in accordance with the invention is sufficiently strong 
that it cem withstand th© typical impact forces which arc en- 
countered during the use of the structure, 
2n Next, the construction of a preferred embodiment 

of an. electrode device of the invention utilising the above- 
described insulated pipe joint 21 will be given vith reference 
to Fig- 3. RefBi'cnce numerals 1 to 4 used In Pig. 3 indicate 
similar components as those of Fig, 1. The righthand half of 
25 vig, 3 shows th© completed structure of the insulated flpe joint 
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21, As shown in the figure, the insulating member 2 includes 
+kd insulated pipe joiuts 21, One end of the insulating member 
2 is connected to the pipe 1 and ihe other to the electrode 
3. These connect ions may be- made hy known techniques such 

as voiding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
Snsuiatod pipe joint. 21 has a common tfvrwghhole of constant 
internal diameter, the assembly and use thereof is quite easy. 
Tor instance t the provision of the above -described partitions 
is quite simple, Of course, more than two insulated pipo joants 
Zl can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the case hi-ino having a high 

salt concentration is nsed, the outer surface of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substanco having a •sufficiently high heat resistant property. 

This is shown in the lefthmd pHTt of fig. 3. For example, tlie 

TM 

coating 41 can be formed by shrink fitting a "Teflon " tube. 

its daicribed abova, in accordance with tho Invention > 
tho pipes and the oloctrodes ire connected through the insula tc?d 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of tho insulating member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h quite high mechanical strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil \cell application. 

Yet further > the coating 41 and the insulating members 
2 and 12 of the electrode can bu formed from other imperials . 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance ol? various organic 
polymeric compounds to hot w&cer and v/ater vapor at high temperature 
and under high pressure. The compounds Investigated are listed in 
Table 1 herein. 

Regarding the tests, test piecos of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
waiter. The autoclave vas held at 2S0°C at an internal pressure 
of 6fi kg/cm 2 for a period of 10 days* The nutactavo was then 
cooled to a room temperature and the test pieces vexe checked for 
appearance- The results arfc presented In Table 2 from which it 
can be seen that hot v/ater and steam had a much more adverse affect 
tha-n dry heat. Of the materials testDd, only polytetraf luoroetbylenc 
resin and diphenyl oxide resin wore acceptable. 

A coating of leater. and staam resistant resin can be 
formed around the pipe 1 by ropcatedly applying coatings of the 
material, and baking the assembly until the desired thickness is 
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obtained. Also, * coating of the heat resistant revsn cart be 
formed by first preparing a tube of tho resin having an Inside 
diameter slightly larger than the outside diameter of tho pipe 
l:.and then slipping the tube over the pipe 1, If t"hc resin 
5 is in the form of a sheet or tape, it may be wound directly around 
the pipe 1 and then fusion -bonded if necessary. As described 
above, a hest- shrink able tube of polytetraf luo roe thy lone can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, whoo the assembly including the 
10 electrode is inserted into the oil veil, there is unavoidable 
contact .with the inner wall of the well so tbat the heat 
resistant Insulating coat ins *"y ^ damaged- To prevent this, 
protective coating of insulation 16 may be formed around the 
insulation IS as shown in Pig, 5. Since the protective coating 
X5 of insulation 16 may melt or collapse if the electrode is 

exposed to hi^h temperatures, it can be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to $00 m. However, a single section of the steel pipe that 
20 nakes up the fuide pipe 1 is only about 10 lit in length. To join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joined by screwing • 
them together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
25 coupling. To accomplish this, as shown in Fig, 6, steel pipes 
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1A 2nd lb are covered with the coating of heat resistant insulat- 
ing material 15A and 1FR and arc joined by a coupling 17. A 
coating of heat resistant insulation 15C is formed aTounrf the 
coupling ext&nding into adjacent areas, A heat-skrlnkable tube 
£ of a pDlytetrafluoroethylejie is particularly suitable in this 
case. 

To protect tha insulating costings from direct contact 
with the inner va2l of the veil, stoel pipe sections lA and IB 
covered with the coating of hoat resistant insulating material 
*° ISA and 15 B and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17 > Thereafter, the coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if forced around the coupling and in the adjacent 
areas as shu*m in Fig, 7. 
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1A and lb ore covered \fith the coaUug of heat resistant insulat- 
ing material 15A and IFR and arc joined by a coupling 1*/* A 
coatirtg of heat resistant insulation ISC is formed aTDund the 
coupling extending into adjacent areas, A heaL-sKrinkable tube 
of a pDlytetrafluDroethyleue is particularly suitable in this 
case. 

To protect thu insula ting coatings from direct contact 
ttith the inner vail of the well* stool pipe sections IA and IB 
covered with the coating of heat resistant insula ting material 
ISA and 15 B and protective coatings of insulation ioA and 16B 
are first joined through the coupling 17 ► Thereafter > the coupling 
16 is coated \fith the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shuc/a in Fig, 7. 



* 19 









o 




•H 




*> 


m 


rt 


o 


S-l 




« 


*o 


EX 


o 






h 




















1 




0) 



ft 



o 

CO t> 

to u td 

■rid 
cd Qj<H 



3 
o 



"1 

o 
o 



0> 
ft 



4} 
id 



0> 



rH 'O 

•h a o 



o 

4-1 

8- 



on a ' 
wo o 
q c c 

>-» 



T-f -K^ 

<U ^ P 
C V -3 

c mi? ■ 
>sx; r> c 



S 

rH 



O 

at f-i 
U d« 

i-t w 
D (S> 



rH l-i 
X X £ 

♦J O ifi 

O l-i o 

D £U(-« 

i-i a 

D U Vi 

3 O o 

1-1 C0 DAi 

3 6> O U4 



C >-d> 

w a 



ft 



K a) □ 

"2 *+ a *0 



c 








in 






a> 


K 






g 


O 






flu, 


•■H 




K 




o 


L> 






1— 1 








& 






4 « 














o 






CM 


W 





V) 
V) 

•Wh 

a> 'i-* 

O O 
tH) Ttl 

o> s © 



-20 



-rt 
i* 

Q M 

TJ Pi 
D © 
JC ^ 
<M ft 
0) 

35 © 



a C 
*j o 

rt w o> 
rt 



£1 



3 



U 



00 



11 



o 




tH 




O 




60 










1 


» 


4-* 


(X 




■M 







o 

Cm 



tJ 1-1 tKT* 
tfl (1) N -t-* 
V O 4^ 

a e p * 
o »d • 

WUHU 



£3 



u 



O 

p: 

CD 

cH ^ 
I +J 

P! C 
•H 

ti 
b V> 

o to 

■H -H 



rt 



nn to 
a *j 



<& ^ 
+> 

O V 

til 'H -£> 
** £ O 
C* TI) r-l 

w m> d 
5u« 



a 

! 

u-j 



- 21 - 



116B283 

Table 2 



Sampl e A ppearance 

A OK, 

B ~ *l*uTiied into a lump* 

C no, 

j> ' Collapsed 

El OK- 

F Do* 

G ' Tamed into a lump. 

H Glass whitened 

(Resin csune apart) 

J Do. 
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WHAT IS CLAJMlil) tSi 

1« An electrode device for electrically heating under- 

ground deposits of hydrocarbons comprising: a plurality of wt>1l 
pipe sections; an electrode adapted to ho dispnsud in an under- 
ground deposit of hydrocarbons for supplying an electric current 
5 to said underground deposit; a plurality of insulated pipe joinLs 
each including a first tubular member having a flaunt; portion 
at one end thereof, a second tubular member baying a r -*P portion 
at otic «ud theieof adapted to be received in so id flange portion 
of said first- tubular member tfith a gao theriibctwoon, and an 

10 insulating member disposed in said gap between said flangB,por- 
tion and said cap portion for hermetically coupling said first 
and ^ocond tubuXaT member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe ioints being operatively disposed to couple at loast some 

IS i>f said pipe sections and said electrode v/bile electrically 
insula Ling said at least some of said pipe suctions and said 
electrode; and a cable connected to said electrode for supplying 
an. electric current to said electrode. 

2. The electrode device as scL forth in claim 1 wherein 
at least some of said insulated pipe joints are Interconnected. 

3. The electrode device as set forth in claim 1 therein 
$aid ixisu3.at5.ng member of each .of said insulated pino joints 
comprises a first insulating portion disposed in said gap between 
said fJangft portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tabular members, said first and second insula Liiift portions 
being formed integrally with each other. 

4. Tlio electrode device as set forth in claim 1 therein 

said insulating member of o«.ch of said insulated pipe- joints 
is made of a glass -mica molding forced vrom glass and mica 
poi/dcrs . 

£. Tho eLcctrod© device as set forth in clains 1 further 

comprising an insulating coating profided op at. lc*st a portion 
gf an Outer surface of said insulated pipe joints. 

6. The electrode dovieo hs sec forth in claim S. wherein 
said insulating coating isipolyte-trajfUiorDothj'lene , 

7, Th& electrode device as set forth in claijn 6 wherein 
said insulating coating comprises a xesin of thermally shrinkable 
ttolyte-trafluoroethylene, 

a. The electrode device as set forth in claim 5 ^herein 

s&id insulating coating comprises a resin of dipbBnyl oxide. 
9, The electrode device as set forth in any of claims 5-7 

fuTthex comprising a protective layer of insulation .upon at . 
least a portion of said insulating coating* 

XO. the el tetrode device as set forth in any of claims £-7 

further comprising a protective layer of insuUtlon upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polypropylene and polyvinyl chloride. 



- 24 



11. An ciftntroflct Oovir.Fi for oloctx?.cally heating under- 

ground deposits of hydrocarbons comprising a plurality of inter" 
connected well pipe eeclioivB, an L'.loetrode, E\dapt«id to be disposed 
in an underground deposit of hydrocarbons supplying electric 
current to said underground deposit, ait least one insulated pipe 
joint, including a first tubular member comprised of a well pipe 
section having a f laxnjC portion at one Gild thereof, u fceCCnd -tubu- 
lar member compiled oJ"; said electrodes d^poaed in alignment 
with saitl lirfct tubular member, a cover mcrobsx carried by saf.d 
second tubular nicmbfcr having a cup portion at one end tharcoi 
disposed in overlying relation t.o said flange .portion above SftJ.O 
firgt tubular KiOmb&r with a gap therebetween , an insulating member 
disposed in bald gap between said flango portion and said cap 
portion for hermetically coupling said first a^d second tubular 
member and for electrically insulating said first and second 
tabular members from one another, cable mean 9 connected to said 
electrode far supplying an electric current to said electrode and 
em Insulating coating provided on at least an outer surface of 
t;aid Aneulating pipe ;}oittt« 
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